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Freshwater mussels Freshwater mussels 
(Family Unionidae)(Family Unionidae)

Among most imperiled Among most imperiled 
fauna in worldfauna in world
70% of 300 species in 70% of 300 species in 
U.S. are endangered, U.S. are endangered, 
threatened, of special threatened, of special 
concern, or extinctconcern, or extinct

Decline due to many Decline due to many 
environmental stressorsenvironmental stressors

LongLong--lived, 40lived, 40--100 yrs100 yrs
Unique life history, Unique life history, 
obligate parasite on fishobligate parasite on fish



2

Freshwater mussels:Freshwater mussels:
complex life historycomplex life history

M.C. Barnhart

M.C. Barnhart

PesticidesPesticides
One of many potential factors One of many potential factors 
affecting musselsaffecting mussels
CurrentCurrent--use pesticides not use pesticides not 
persistent persistent 
But, application often coincides But, application often coincides 
with reproductionwith reproduction
Early life stages most sensitive to Early life stages most sensitive to 
other contaminantsother contaminants
Paucity of informationPaucity of information
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GoalGoal

Generate toxicological information on the Generate toxicological information on the 
hazards of a suite of currenthazards of a suite of current--use pesticides use pesticides 
to early life stages of freshwater mussels to early life stages of freshwater mussels 

OutlineOutline
Technical grade pesticidesTechnical grade pesticides
Glyphosate compoundsGlyphosate compounds
Technical grade vs. formulationsTechnical grade vs. formulations
Summary & conclusionsSummary & conclusions
Research needsResearch needs
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Toxicity test summaryToxicity test summary
Total of 86 toxicity tests (2004Total of 86 toxicity tests (2004--2006)2006)
73 acute tests73 acute tests

38 glochidia (5 species)38 glochidia (5 species)
35 juveniles (4 species)35 juveniles (4 species)

13 chronic tests13 chronic tests
1 species1 species

15 current15 current--use pesticidesuse pesticides
5 insecticides5 insecticides
7 herbicides7 herbicides
3 fungicides3 fungicides
2 other (formulation components)2 other (formulation components)

Test methodsTest methods
ASTM (2006) Standard guide for toxicity testing with early ASTM (2006) Standard guide for toxicity testing with early 
life stages of freshwater musselslife stages of freshwater mussels
55--6 pesticide concentrations + controls6 pesticide concentrations + controls

Up to solubility limit in waterUp to solubility limit in water
3 reps per treatment3 reps per treatment

Verify exposure concentration t0Verify exposure concentration t0
Acute tests Acute tests --static static 

Glochidia Glochidia –– 24 or 48 hr  (no renewal)24 or 48 hr  (no renewal)
Juvenile Juvenile –– 96 hr  (renewal @ 48h)96 hr  (renewal @ 48h)

Chronic tests 21 or 28 d Chronic tests 21 or 28 d -- static static 
Renewal every 48 hRenewal every 48 h

EC50 EC50 –– conc. at which viability of organisms was reduced conc. at which viability of organisms was reduced 
to 50%to 50%

100 ml
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Toxicity of technical grade pesticidesToxicity of technical grade pesticides

Technical grade pesticides Technical grade pesticides 

>98% pure compound; active ingredient>98% pure compound; active ingredient
EPA pesticide registrationEPA pesticide registration

AtrazineAtrazine, , pendimethalinpendimethalin, , fipronilfipronil, permethrin, , permethrin, 
chlorothalonilchlorothalonil, , propiconazolepropiconazole, , pyraclostrobinpyraclostrobin
GlochidiaGlochidia

Elliptio complanata, Lampsilis fasciola, L. siliquoidea, Elliptio complanata, Lampsilis fasciola, L. siliquoidea, VillosaVillosa
delumbisdelumbis, V. , V. constrictaconstricta

JuvenilesJuveniles
L. fasciola, L. siliquoideaL. fasciola, L. siliquoidea
Newly released Newly released –– 2 mo. post transformation2 mo. post transformation
Acute testsAcute tests
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ResultsResults

Atrazine, Atrazine, pendimethalinpendimethalin, , fipronilfipronil, , 
permethrinpermethrin
Low or no effect on glochidia & juvenile Low or no effect on glochidia & juvenile 
viabilityviability

Unable to calculate EC50sUnable to calculate EC50s

Fungicide toxicityFungicide toxicity
L. siliquoidea L. siliquoidea onlyonly

LC50 (mg/L)LC50 (mg/L)EC50 (mg/L)EC50 (mg/L)

0.0060.006

1.51.5

0.040.04
FishFish

0.0160.0160.030.030.080.08PyraclostrobinPyraclostrobin

3.23.210.0110.0119.2119.21PropiconazolePropiconazole

0.070.070.280.280.040.04ChlorothalonilChlorothalonil
Daphnia Daphnia 

Juvenile Juvenile 
9696--hrhr

GlochidiaGlochidia
4848--hrhr
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Toxicity of technical grade Toxicity of technical grade 
pesticides: summarypesticides: summary

Herbicides and insecticides not acutely toxic to Herbicides and insecticides not acutely toxic to 
musselsmussels

Inconsistent with relative sensitivity to some other Inconsistent with relative sensitivity to some other 
contaminantscontaminants
Insecticide mode of actionInsecticide mode of action-- neurotoxicantsneurotoxicants

Fungicides highly toxic to musselsFungicides highly toxic to mussels
Sensitivity similar to other aquatic animalsSensitivity similar to other aquatic animals
Mode of action is less specific (inhibit ATP production)Mode of action is less specific (inhibit ATP production)

Need to determine chronic toxicity of fungicides for Need to determine chronic toxicity of fungicides for 
risk assessmentrisk assessment

Toxicity of glyphosateToxicity of glyphosate
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Glyphosate compoundsGlyphosate compounds

A.iA.i. of Roundup. of Roundup®® andand AquastarAquastar®®Glyphosate IPAGlyphosate IPA**

Component of glyphosate IPAComponent of glyphosate IPAIPAIPA**

Surfactant blend in RoundupSurfactant blend in Roundup®®MON 0818MON 0818

Glyphosate formulation (aquatic)Glyphosate formulation (aquatic)AquastarAquastar®®

Glyphosate formulationGlyphosate formulationRoundupRoundup®®

Used for EPA registrationUsed for EPA registrationTechnical grade glyphosateTechnical grade glyphosate

SignificanceSignificanceChemicalChemical

* Isopropylamine salt

Glyphosate toxicity to Glyphosate toxicity to L. L. siliquoideasiliquoidea

0.1
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Glyphosate Glyphosate IPA IPA Aquastar MON 0818 Roundup
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Juvenile 96 h
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Glyphosate toxicity conclusionsGlyphosate toxicity conclusions

Technical grade glyphosate not toxic to musselsTechnical grade glyphosate not toxic to mussels
RoundupRoundup®® is acutely toxicis acutely toxic

Similar to other aquatic organismsSimilar to other aquatic organisms
Toxic componentsToxic components

Surfactant MON 0818Surfactant MON 0818
Active ingredientActive ingredient-- glyphosate IPAglyphosate IPA-- also toxicalso toxic
IPA toxicity due to ammonia?IPA toxicity due to ammonia?

Not all glyphosate IPA compounds are toxicNot all glyphosate IPA compounds are toxic
AquastarAquastar®®

Implications for pesticide regulationImplications for pesticide regulation
Register each formulation?Register each formulation?

Acute & chronic toxicity of pesticide Acute & chronic toxicity of pesticide 
active ingredients vs. formulationsactive ingredients vs. formulations
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Technical grade vs. FormulationTechnical grade vs. Formulation

insecticideinsecticide

insecticideinsecticide

herbicideherbicide

ClassClass

MosquitoMosquito--BB--GoneGone®®

LorsbanLorsban®®

Aatrex 4LAatrex 4L®®

FormulationFormulation

permethrinpermethrin

chlorpyrifoschlorpyrifos

atrazineatrazine

Technical Technical 
gradegrade

Pesticide formulation toxicityPesticide formulation toxicity
EC50 (mg/L)EC50 (mg/L)

0.030.03> 0.2> 0.2> 0.2> 0.2MosquitoMosquito--BB--GoneGone
0.030.03> 0.2> 0.2> 0.2> 0.2PermethrinPermethrin

0.050.050.330.330.600.60LorsbanLorsban
0.060.060.250.250.430.43ChlorpyrifosChlorpyrifos

3.13.1>30 >30 >30 >30 AatrexAatrex
10.110.1>30>30>30>30AtrazineAtrazine

JuvenileJuvenile
21 d21 d

JuvenileJuvenile
96 hr96 hr

GlochidiaGlochidia
48 hr48 hr

PesticidePesticide



11

Pesticide active ingredient vs. Pesticide active ingredient vs. 
formulations: summaryformulations: summary

Little difference in toxicity of active Little difference in toxicity of active ingredingred. & pesticide formulations . & pesticide formulations 
tested (unlike glyphosate)tested (unlike glyphosate)

Chlorpyrifos & permethrin caused chronic toxicity at environmentChlorpyrifos & permethrin caused chronic toxicity at environmentally ally 
relevant concentrationsrelevant concentrations

L. siliquoideaL. siliquoidea is less sensitive than other aquatic invertsis less sensitive than other aquatic inverts
Existing acute water quality criteria may be protective of musseExisting acute water quality criteria may be protective of musselsls

Water only exposuresWater only exposures-- need to examine other routes of exposureneed to examine other routes of exposure

Summary and conclusionsSummary and conclusions

Early life stages of mussels are not sensitive Early life stages of mussels are not sensitive 
to many current use pesticides (waterto many current use pesticides (water--only)only)

L. siliquoideaL. siliquoidea highly sensitive to fungicides highly sensitive to fungicides 

Some pesticide formulations are more toxic to Some pesticide formulations are more toxic to 
mussels than technical grade; adds to debate mussels than technical grade; adds to debate 
about pesticide registrationabout pesticide registration
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Research needsResearch needs

Fungicide toxicity data for additional speciesFungicide toxicity data for additional species
Other routes of exposureOther routes of exposure

Role of sediment?Role of sediment?

Effects of pesticides on mussel behavior and Effects of pesticides on mussel behavior and 
physiologyphysiology

Ten peer-reviewed manuscripts 
include:
Editorial
Intra- and inter-laboratory variation 
in acute toxicity tests with early life 
stages
Acute and chronic toxicity of 
copper, ammonia, and chlorine 
(water and sediment) to early life 
stages
Evaluation of derivation of water 
quality guidance for copper
Ecological risk assessment of 
copper, ammonia, and chlorine
Acute and chronic toxicity of current 
use pesticides to early life stages

Special Issue of the Journal
Environmental Toxicology & Chemistry
“Ecotoxicology of Unionid Mussels”

ET&C Vol. 26
No. 10 2007
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Family Family UnionidaeUnionidae
The Freshwater MusselsThe Freshwater Mussels

Most imperiled faunal group Most imperiled faunal group 
in worldin world

~300 sp. in N.A.~300 sp. in N.A.
~67% endangered, ~67% endangered, 
threatened, of special threatened, of special 
concern, or extinctconcern, or extinct

Decline since 1800sDecline since 1800s
hastened past 50 yrshastened past 50 yrs
numerous factorsnumerous factors
biological & physiologicalbiological & physiological
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Chronic toxicity of glyphosate to Chronic toxicity of glyphosate to 
juvenile juvenile L. siliquoideaL. siliquoidea

1.31.31.71.7MON 0818MON 0818
100100> 200> 200AquastarAquastar
5.05.03.73.7RoundupRoundup
6.36.34.84.8Glyphosate IPAGlyphosate IPA
2525> 200> 200GlyphosateGlyphosate

Growth LOEC* Growth LOEC* 
(mg/L)(mg/L)

21 or 28 d EC50 21 or 28 d EC50 
(mg/L)(mg/L)

ChemicalChemical

* Lowest Observed Effect Concentration* Lowest Observed Effect Concentration

Chronic toxicityChronic toxicity

0.050.05
0.0120.012

0.050.05
0.060.06

3.83.8

MosquitoMosquito--BB--GoneGone
PermethrinPermethrin

LorsbanLorsban
ChlorpyrifosChlorpyrifos

AatrexAatrex
AtrazineAtrazine

PesticidePesticide

0.030.03
0.030.03

0.050.05
0.060.06

3.13.1
10.110.1

2121--d EC50 d EC50 
(mg/L)(mg/L)

Growth Growth 
LOEC* LOEC* 
(mg/L)(mg/L)

1515

* Lowest observed effect concentration
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ASTM GuidelineASTM Guideline


